%'e present a new first-principles approach to the calculation of effective elastic moduli of composites based on the iterative solution of the Dyson equation for elastic wave scatterings in inhomogeneous media. Application of the method to the examination of elastic scaling behavior of a continuous fractal shows that the moduli associated with different elastic eigenmodes exhibit distinct exponents in scaling with the size of the system. Recently, the distinction between the electrical and the elastic percolation behaviors has been the subject of several studies using discrete elastic models of mass points linked by springs. '
Recently, the distinction between the electrical and the elastic percolation behaviors has been the subject of several studies using discrete elastic models of mass points linked by springs. ' While the primary focus of these discrete models is to simulate the behavior of percolation clusters, their consideration has also raised interest in regard to the elastic properties of composites in general and the elastic scaling behaviors in particular. However, together with the interest comes the realization that the calculation of elastic moduli for continuous composite with more than a simple microstructure is a difficult task due to the complexity of the associated boundary value problem. This accounts for the scarcity of first-principles calculations on continuous elastic models. In this work we present a new approach to the calculation of elastic moduli for continuous composites.
The new method incorporates the boundary conditions implicitly in the equation of motion, thereby circumventing the traditional difficlty of matching boundary conditions across complex interfaces. As an application of the approach, we use it to examine a question in the general nature of e1astic scaling properties. That is, for a given continuous fractal t structure, do all the independent elastic moduli always scale with the same exponent as automatically assumed previously'7
Our calculation on a continuous Sierpinski carpet shows that the moduli associated with different elastic eigenmodes exhibit distinct exponents in scaling with the size of the system. This result, which was not observed in previous discrete models, suggests that not only can there be more than one elastic scaling behavior for a given structure, but also the number of distinct scaling exponents may be dependent on the symmetry of the system. In the following, the formulation of the first-principles approach will be presented in the context of the Sierpinski carpet calculaton.
In Fig. 1 
Here we have assumed the time dependence of u is exp( -iEt), 0, , p = 1, 2, and 3 denote the three components of a vector, k is a continuous wave vector, K"is the nth reciprocal lattice vector of the periodic structure (for three-dimensional structures n = [nt, n2, n3) , where the three numbers index the periodicities along the three principal axes), and 
Here the elements of Fare defined by The combination of using Fourier coefficients of material parameters as inputs and the capacity to harness the iterative solution technique makes the approach described above generally applicable to the elastic-moduli calculation of periodic composites with arbitrary unit-cell geometry. %e have successfully used this method to evaluate the moduli of three-dimensional, two-component composites and biconnected porous frames. 6 For our present application, Eq. (8) is solved for up to a maximum + N of E"'sfor each of the two directions, with A. + 2p, = 1 and p, = 0.4. The convergence of the solution is monitored as a function of N. In Fig. 2(a) we plot the K~t/p(0) for stages 1, 2, and 3 as a function of 1/N. The fact that the points iie on good straight lines is utilized to extrapolate the results to I/N = 0.
In Fig. 2(b) It is proposed that a careful experimental study of twodimensional and three-dimensional elastic fractal structures could shed illuminating insights on these issues. %e wish to thank Y. Kantor and T. Witten for useful discussions.
